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Supplementary Information 1 

Supplementary Figure  2 

Supplementary Figure 1. Potential additional novel MM driver mutations. a) The 3 

prevalence and distribution of potential driver mutations recently reported by the 4 

Myeloma Genome Project and not extracted in our data set. Each bar represents a 5 

distinct driver gene and each bar’s colour indicate its prevalence across the main MM 6 

cytogenetic sub-groups. The red labels indicate mutations that acquired a significant 7 

q value running the dNdS with restricted multiple hypothesis testing correction. 8 

Conversely the blue labels indicate the genes that did not show any significant positive 9 

selection in our analysis. b) Cancer cell fraction of the driver mutations reported by the 10 

Myeloma Genome Project and not extracted in our cohort. Note how some of these 11 

mutations are associated to myeloid malignancies or clonal hemopoiesis (i.e IDH1, 12 

IDH2, TET2 and DNMT3A). Nevertheless, the high cancer cell fraction of most of these 13 

rare mutations suggest that these belong to the plasma cell clone. 14 
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 3 

Supplementary Figure 2. Driver mutations in MM. a) Cancer Cell Fraction (CCF) of 16 

each driver mutation across 834 MM patients. Each violin plot reflects the distribution 17 

of CCF across different mutated samples (dots). Driver genes were sorted according 18 

to their median CCF, which is highlighted with a red dot for each gene. b-i) Lolliplots 19 

showing the distribution of all coding mutations on HIST1H1B (b), HIST1H1D (c), 20 

HIST1H2BK (d), HIST1H1E (e), FUBP1 (f), MAX (g), ZNF292 (h) and TBC1D29 (i). j) 21 

Pairwise genetic interactions between 69 drivers in our dataset of 724 MM patients 22 

where SVs, CNAs and driver mutations were investigated. The color of each tile 23 

reflects the odds ratio for each pair whereby pink indicates mutual exclusivity 24 

(observed, relative to the expected co-occurrence rate based on each alterations 25 

frequency) and green indicates pairs that are co-mutated (found together more 26 

frequently than would be expected by chance). White dot annotation indicates false 27 

discovery rate < 0.1; white asterisk (*) indicates a Bonferroni corrected p value <0.05.  28 
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 4 

Supplementary Figure 3. Bayesian network families. a-x) Heat maps of all families 31 

observed in our Bayesian network generated from 724 MM patients.  32 

 33 

  34 



 5 

Supplementary Figure 4. SV complex event landscape in MM. a) Pie chart 35 

representing the proportion between recurrent and non-recurrent SV breakpoints 36 

across the entire series. b) Heatmap showing a mutually exclusive pattern between 37 

IGH, IGK and IGL translocations. Light chain translocations are always associated 38 

with the HRD status and involve the MYC oncogene. In turn, MYC can also be 39 

translocated to the IGH locus, but still correlates with an HRD karyotype. c) Prevalence 40 

of complex events across the entire series. d-f) Examples of recurrent CNAs caused 41 

by distinct unbalanced SVs. d) In PD26400a, the 1p deletion is caused by multiple 42 

inversions and two likely simultaneous translocations: one on chromosome 16 and the 43 

other on 13q. The translocation breakpoint on 13q is responsible of the centromeric 44 

deletion, suggesting that both deletions (del1p and del13q) were generated by the 45 

same event. The translocations and inversions on 1q gain are located on the non-46 

duplicated allele (Methods), thus hampering timing correlation between this event and 47 

1p deletion. e-f) In these two cases the 1p deletion is caused by an unbalanced 48 

inversion (e) or multiple complex inversions (f). 49 

 50 

51 
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  52 

PD
26
40
9a

PD
26
40
9c

PD
26
40
4a

PD
26
40
4c

PD
26
41
1a

PD
26
41
1c

PD
26
41
1d

PD
26
41
2a

PD
26
42
6e

PD
26
40
0a

PD
26
40
0c

PD
26
41
6d

PD
26
41
6e

PD
26
41
2c

PD
26
41
2d

PD
26
41
4a

PD
26
41
4b

PD
26
41
4e

PD
26
41
4f

PD
26
41
4g

PD
26
42
3e

PD
26
42
3g

PD
26
42
3h

PD
26
41
8a

PD
26
41
8c

PD
26
41
8d

PD
26
41
8e

PD
26
43
4c

PD
26
42
8c

PD
26
41
9a

PD
26
41
9c

PD
26
41
9d

PD
26
42
2d

PD
26
42
2e

PD
26
40
2a

PD
26
40
2c

PD
26
42
2f

PD
26
40
5a

PD
26
40
5c

PD
26
40
6a

PD
26
40
6c

PD
26
42
5e

PD
26
42
5f

PD
26
42
7a

PD
26
42
7c

PD
26
42
8a

PD
26
40
3d

PD
26
40
3a

PD
26
40
3c

PD
26
40
7a

PD
26
40
7c

PD
26
40
8a

PD
26
40
8c

PD
26
41
0d

PD
26
41
5c

PD
26
41
5g

PD
26
42
4a

PD
26
42
4c

PD
26
42
9a

PD
26
43
2c

PD
26
43
5c

PD
26
43
5e

PD
26
40
1a

PD
26
40
1c

PD
26
42
0a

PD
26
42
0c

PD
26
43
2e

IGL
1 1 1 1 1 1 1 1 1

IGK
1 1 1 1

IGH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

CCND1/IGH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

MMSET/IGH
1 1 1 1 1 1 1 1 1

MYC
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

HDR
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

No	recurrent	 SV	
breakpoints	 (94.2%)

MMSET
(0.8%)

CCND1
(1.4%)

MYC
(3.5%)

a b

c

IGL
IGK
IGH

t(11;14)
t(4;14)
MYC
HRD

chr1 position (Mb)
0 50 100 150 200

●

●●●

●●
●

●

●

●

●
●
●
●
●●●●●●
●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●
●●

●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●
●●●●●●●●
●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●
●●●●●
●●●●●●●●●●●●●
●●●●●●●●●
●
●●●●●●●●●●●●●●●●
●

●
●

●
●●

●

●
●

●
●

●

●
●

●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●
●●●●●
●●
●●●●●●●
●●●●●
●

●

●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●
●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●
●●

●

●

●

●●●
●●●●●
●●●●●●●●●●
●●●●●●
●●
●●●●●●●●●●●
●●●●●●●●●●●●
●●●●
●
●●●●●●●
●●●●●●●●●●●●●●●●●●●●

●
●●
●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●●●●●●●●●●●●●●●●●

●●
●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●
●
●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●
●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●
●●●●●
●
●●●●●●●●●●●●●
●●●●●●●●●●●●
●●●●●●●●●●●●
●●●●●●●●●●
●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●
●●●●●●●●●●●
●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●

●●●●●●●
●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●
●●●●●●●●●●●
●●●●●●
●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●
●●●●●
●
●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●

●
●●●●●●●●●●●●●●●●●●●●●●●●

●
●
●●●●●●●●●●●●●●●●●●

●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●●●●●●●●●●●●
●●●●●●●●●●●●
●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●

●

●

●
●
●

●

●
●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●

●

●

●

●

●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●

●
●

●

●
●
●●●
●

●

●●●●

●

●

● ●

●
●●
●

●

●
●
●●
●●●●●
●●●●

●

●●
●

●●
●●
●

●

●

●
●
●
●
●

●

●

●●●
●

●

●●

●

●

●

●
●●

●

●●
●●●●●
●
●
●●

●

●
●

●

●

●
●
●
●

●

●

●
●
●●●
●
●●●
●

●
●●●●●●●
●
●
●●

●

●

●

●

●
●
●●

●

●

●

●
●

●
●

●●●
●

●

●

●
●

●●●

●

●●●
●

●

●

●
●●

●
●
●

●

●

●

●

●●
●
●●
●
●
●●
●●

●
●●●
●
●
●●●●●●●
●●
●
●
●●●●
●●●●●
●
●●●●●●●
●
●

●●
●
●●●●

●

●●●●●●●●
●●●
●
●●●

●●
●●●
●
●●●
●●
●
●
●●
●●●●

●●
●●●●
●●●
●
●
●●
●
●
●●
●●
●●
●
●●
●
●●

●●●●
●
●●
●●●
●●
●●●●●
●
●●
●
●
●●
●

●●●●●●●●●●●●●●
●
●●●●●
●●●●●●
●●●●●●●●
●●
●●●
●
●
●●●
●●●●
●●●
●
●●●●●●●●●●
●●
●●●●●●
●●●
●●●●●
●●●●●
●●
●
●●●
●

●

●●●
●
●
●●●●
●●●●
●●
●●●●●●
●●
●●●●●
●
●●●
●●●●●●●●●●
●●●●●
●●●●●
●●●
●●●
●●●●●●●●●
●●●●●●
●
●
●●●●●
●
●●●●●
●●
●●●●●●●
●●●●●●●●●●
●●●●●●
●●●●●●●●●
●
●
●●●●
●
●
●●
●●●●
●●●●
●●●●●●●●●●●●
●●
●
●●

●

●
●
●●
●●●
●
●●●●●●●
●●●
●
●●●●●●●●●●●●●●●
●●●●
●●●●●●●●
●●●●●
●●
●●●
●
●
●●●●●●
●●●●●●●●
●●●●
●
●●●
●
●●
●
●
●●
●●●●●●

●
●●●●●●
●●●●
●
●
●●
●
●●●
●

●●
●●●
●●●●●●●●●●
●●●●●●
●●●
●
●●
●
●●●●●●●●●●●●●●●●●
●●●●●●●●●
●●●●●●●●●●●●
●●
●
●●
●●●●
●
●●●
●●●●●
●●●●●●
●
●
●
●
●●●●●●●
●●●●●●
●
●
●
●
●●
●●
●●●●●●
●●●●●
●●●●●
●●●
●●
●●●
●●●
●●●●
●●
●●●
●
●●●
●●●●●●●●●●●●
●●●●●●●●●●
●
●●●●●●
●●●●●●●●●●●●●
●●
●●●●●●

●●
●●
●
●●●●
●●●●●●●●●●●
●
●●●●●
●
●●
●●
●●
●
●●
●●
●●
●●●●
●●●
●●●●
●
●●●●●●●●●●●●
●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●

●
●●
●
●●●●●●●●●●
●
●●●●●
●
●●
●●●●●●●
●
●●●●
●●●●●●
●
●
●
●
●●●●●
●●●●●●●

●
●
●
●●●●●
●
●
●
●●●●●●●●●
●
●●●●●●●●●●
●
●●
●
●●●●
●●
●●●●●●●●●●●●●
●
●
●
●●●●●●●●
●●●●●●●●
●●●●●●●●
●●●●●●●●●●●●●●●●●
●●●●
●
●
●●●●●●●
●●●●●
●●
●●
●
●●
●●●
●●●
●●●●●
●●●●●
●●●●●●

●
●●●●●
●
●●●●●
●●
●

●●
●●●●●●
●●
●●
●●●●●●●●
●●●●●●●●●●●
●
●
●●●●●●
●●
●
●
●●
●
●●●●●●●
●●
●●
●
●
●●
●

●

●●
●●●●●
●●
●
●

●
●
●●●●●
●●●●
●
●
●●●●●●●●●
●
●
●
●●
●
●
●
●
●●
●●
●
●●●
●●●●●●●
●●●●●
●●

●
●
●●
●●●

●

●●
●●●●●●●●●●
●
●●●●●
●●●●●●●●●
●●
●●●●
●
●●●●●●●
●●
●●
●
●

●●●●●
●
●●●●●●●●●●●●●●
●●●
●●●
●●●●●●●
●
●●
●
●
●●●●●●
●●
●●●●●●●●●
●●●●●●●
●●
●●●●●●
●●●●●
●●●●●
●
●●
●
●
●●●●●●●
●
●
●●●●●●●●●●●●●●●●●●●●

●●●●●●●●
●●●●
●
●●
●
●●●●●●●●●
●●●●●●●●
●●●●●●
●
●●●●●●
●●●●●
●●●
●●●●●
●●●●●●●●●
●
●●●●
●●
●
●●●●
●
●●●●●●
●●●●●●●●
●●
●
●●
●●●●
●●●●
●
●
●●●●●
●
●●●●●●
●
●●
●●●●●●
●●●●●●●
●●●●
●
●
●●●●●●●
●●●
●
●●
●
●
●
●●●●●
●●●●●●
●●
●
●●●
●●
●●●●●
●
●●
●
●
●●●●●●●●●●

●●●●●
●●
●
●
●
●●●●●●
●
●
●
●●●

●
●●
●●●●●●●●
●●●
●
●●●●●●●●
●●
●●●●
●●●●●●●●
●
●
●●●●
●
●●●●●●
●●
●●●
●●●●
●●●●●
●●●●●●●●●●●●●●●●●
●
●●●
●●
●●●
●
●
●
●●
●●
●●●
●●●●●●
●●●●●●
●
●●●●●●●●●
●
●●●
●●●●
●●●●●●●●●
●●●●
●●
●●●●
●●●●
●●●
●
●●
●●
●
●●●●
●

●●
●
●
●
●
●●
●●●
●

●
●
●●●
●●
●●●
●●●●●●●●
●●●●●
●●●●●●●●●●●●●●
●
●●●●●●
●
●●●●●●●
●
●
●
●●●●●●●●●●
●●●
●
●●●●●
●●●●
●

●●●●●
●●●●
●
●●
●●
●●
●●●
●
●●
●
●●●
●●●●●
●●●
●●●●●
●●●
●●●●
●●
●

●●●●●●●●●●●●
●●●
●
●
●●
●●●●
●●●●●●
●●●●●
●●●●●●●●
●●
●●●●
●
●
●
●●●●●●

●
●●
●
●●

●
●●●
●
●●●●●●●
●●●●●●●●●
●
●●
●●
●
●●
●●
●●●●
●
●●●●●●
●●
●●
●●●●●●
●●●
●●●●●
●●
●
●●
●●

●
●●
●
●●●
●
●

0
2
4
6
8

10

C
op

y 
nu

m
be

r

16
13 13

13

●

PD26400a

chr13 position (Mb)
0 20 40 60 80 100

●
●●●
●●

●

●

●●●
●●●●●●●●●●

●
●●●
●●●●●●●●●●●

●●●●●●●
●●
●●●●●
●●●●
●●●●●
●
●●●●●
●●●●●
●
●

●●●●●●
●
●●●
●●●●●●
●
●●●

●

●
●●●
●●
●●●●●●●
●
●
●●●●●●●
●
●●●●
●●●●●●●
●
●●●●
●●●●●●●●
●
●
●●
●
●●●
●●●●●
●●●●●
●●●●●●●●●

●
●●●●
●●●●●●●●
●●●●●
●
●●
●●●●●●●●

●

●
●●
●
●●●●●●●●●●●●●●●●●●●●●

●●

●
●
●●●
●●●●

●●
●
●●
●●●
●●●●
●
●
●
●
●●●●
●
●
●
●●●●●●
●
●
●
●●●●●
●●
●
●●
●
●●
●●●●●
●
●●
●
●●●
●
●●●●●
●●
●●●
●
●●●●●●●●●

●
●●●●
●●●●●●●●●●

●
●●●●
●
●●●●●
●●●

●
●●
●
●●
●
●●●●●
●●
●●●●
●●●●●
●
●●●
●●●●●
●●
●●●●●●
●
●
●●

●
●●●
●●
●●●●●
●
●

●
●●
●●●
●●
●
●●●●●
●
●●●●●●
●●
●

●

●
●●●●
●
●
●●
●
●●
●

●

●●●
●●
●●●●●●●●
●
●

●
●
●
●
●
●●
●

●

●

●●
●●
●●●●●

●

●●●●●
●●
●●
●
●●●
●●●●●●
●●●
●●●

●

●●
●●●●●●●●
●
●●
●●●●
●
●●●●●●
●●●●●●●
●

●
●
●●
●
●●●
●●

●
●
●●●●●
●●●●
●
●●●
●●
●●
●●●●●

●
●●●●●●
●●●●
●●●●
●
●●●●●●

●
●
●
●
●
●●●●●
●
●
●
●●●●●●
●●
●
●●
●
●
●
●●●
●●
●
●●●●
●●●
●●
●●
●●●●●●

●●

●
●●●●●
●
●●●●
●
●
●
●
●
●●●●
●
●
●●●
●●●●●
●●
●●
●●●
●●●●
●●
●●

●

●●
●
●●
●

●
●
●●
●

●
●●●●●
●
●●
●
●●●
●
●●●
●
●●●●●●●
●●●
●
●
●●●●
●
●●
●
●●●
●
●●
●●●●●
●●●●
●
●●
●●●●●●●
●
●
●●●●
●
●
●●●●●
●●
●●

●

●●●●●●●●●
●●●●
●
●●
●
●●

●
●●
●

●
●●●●●●
●
●
●
●●
●●●●●
●
●●●●
●●●●●●●●
●●
●●●●
●●●●●
●●●
●●●●●●
●
●●
●●●●
●●●
●
●●
●●●●●●●
●
●●●
●●●
●●
●
●●●●●
●●
●
●●●
●●
●
●
●●
●
●
●●●●●●●●

●
●

●●
●●●●
●●●●●●●●●●

●
●●
●●●●●
●●●●●●●
●
●●●
●
●●
●

●
●●
●●
●●
●
●●●●●●●●●●●●

●
●
●
●●●●
●
●●●
●
●●
●
●●

●

●
●●●

●

●
●
●●●●●●
●●●
●
●●
●●●
●
●
●●●●●●
●●●●
●
●●●●●
●●●●●●●
●●●●
●
●●
●●●●
●●●●
●●●●●●
●●●●●●●
●
●●●●
●
●●●
●●●●●
●●
●

●

●●
●●
●●●●●
●
●
●
●●●●
●
●
●
●●●●
●
●●●●●●●●●●●●

●
●●
●●●●
●
●●●●●●●●●

●●●●
●
●
●●●●●●●●●

●●●●●●●
●●●●
●
●●
●
●
●
●●
●
●●●●●●●●
●●
●
●●●●●●●●●●●●●

●
●
●●●
●●

●
●
●
●
●●●
●●
●
●●●●●●
●

●
●●●●●●
●●●●
●
●●
●
●●●●●●●
●
●
●●●
●
●
●●
●
●●●●
●
●
●●●●
●●
●●●
●●
●●●●
●
●●●
●
●●●
●●
●
●●
●●
●●●●●
●
●
●●●
●
●●
●●●●●●●●●

●●●
●●
●
●
●●●●
●●●●
●
●●●●●●●●●●

●
●
●
●●●●●●
●
●
●
●●
●
●
●●●●
●●●●●●
●●
●●

●
●●●
●●●●●●●●
●●●●●●●
●●
●
●●
●●
●
●●●●
●●
●
●
●
●●●●●●●●●

●
●
●
●●●●●
●●
●●
●●●●●
●●●●
●
●
●●
●
●●
●●●●
●●●●●
●
●●
●
●●
●●
●
●●
●

●
●●●

●●●
●●
●●
●
●●

●

●●●●●●●●●●●●
●
●
●●●●●●●●

●

●●
●
●
●●●●
●●
●
●●
●
●
●●●
●
●
●
●●●●●●●
●
●●●●●●
●●
●

●
●●●●
●
●●●●●●
●●
●
●
●●

●●●
●
●●
●
●●
●
●●●●●
●●
●●●
●

●●

●●●
●●●
●
●
●●

●●●
●●●●●●●●●●

●

●●
●
●
●
●

●●●●
●
●
●
●●●
●
●●
●
●●●

●

●●●
●
●
●●
●
●●
●
●●●
●●●●●●
●●
●●
●●●●
●●●●●
●

●
●
●
●

●
●●●
●

●
●●●●●●●
●
●●●
●●●
●●
●
●
●

●●

●●
●
●

●●●
●●●●●

●●
●●●
●●●
●

●
●
●●
●●●●
●
●●●●
●●●●●
●●
●
●●●●

●

●●
●●●●●●
●●●●●
●
●●●●
●
●●●
●●●●●●●●●●●●●●●

●●●
●
●
●●●●

●
●
●●●●●
●●
●●●●●●●●
●
●●●
●
●●●
●●●●●
●●
●●●

●

●●●
●
●●●●●●
●●
●●
●●
●●
●
●●
●
●●
●
●●●●

●●
●●
●

●

●●
●●●●●
●
●●●●●
●
●
●●●●

●●●
●
●
●
●●
●

●
●
●
●●
●●●
●●●●●
●
●●●●●

●●●●●●●●●
●
●

●
●●●●
●●
●
●
●

●●

0.0
0.5
1.0
1.5
2.0
2.5
3.0

C
op

y 
nu

m
be

r

1
1

1

●

PD26400a

chr1 position (Mb)
0 50 100 150 200

●

●

●

●
●
●

●

●●●

●
●

●

●

●

●
●
●
●●●
●●●●●
●●●●●●●
●●●●●●
●●●
●●●
●
●●●●●●●

●

●●●●●●●●●●●●●●
●●●●●●
●●●
●
●●●●●●●●●●●●●●●●●●

●●●
●●●●●●●●●●●●●
●●●●●●
●●●●●
●●●
●●●●●●●●
●●●
●●●●
●●●●●●●●●●●●
●●●●●●
●●●●●
●
●●
●●●●●●●●●●
●●
●●
●●●●●●
●●●●●
●
●
●●●●
●●●●●●●●●
●●●
●
●
●
●●●●●
●●●●●●●●
●●
●
●●●
●●●●●●●●●●●●●●●●●
●
●●●●●●●●
●●

●

●●

●
●

●●

●

●

●
●

●●

●●●●●●●●●●●●●
●●●●●
●●●●●●●●●●●●
●
●●●
●●●●●
●●●
●●●●
●
●
●●●●●●●
●
●●●●●
●
●
●

●

●

●

●

●
●
●●●●●●●●●
●●
●●●●●●
●●●●●●●●●●●●●
●●
●
●
●
●●●
●●●●
●
●●●●●●
●
●●●
●●●●
●
●●●●●●●●●●●●
●●●●●●
●●●●●●
●●●●●●●
●●
●
●●●
●●
●●●●
●
●●●●●●●
●●●
●●●●●●●
●●●●●●●●
●
●●●●●●●
●●●●

●
●

●●
●●●●●●●●
●●●●●●●●●●●●
●●

●

●

●●●●●
●●●●●
●●●●●
●●●●●●●●●●
●
●●●●●●●●
●
●●
●●●●●
●
●●●●●●●●
●
●●
●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●
●●●●●●●●●
●●●●●●
●●●●●●●●
●
●●●●●
●●●●
●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●

●●●●●●●●●
●●●●●●
●●●●
●●●●●●●●●
●
●●●●
●●●●●●●●●
●●
●●●●●●●●●●●
●●●●●●●
●●●●●●
●●●●●
●●●●●●●●●●●●●●●●●●●●●●●

●●●●●
●●
●●●●●●●
●●●●●●●●●●●
●●●●●
●●●
●
●●●●●●●
●
●●●●●●●●●●●●●●
●●●●●●●
●●
●●
●●●●●●●
●
●●●
●●●●
●
●●●●●●●●●●●●
●●●●●
●
●
●●
●●●
●●
●●●●●●●
●●●●
●●●●
●●●●●●
●●●●
●●
●●●●●●●
●●●●●●●●●●●●●●●●●
●●●●●●●●
●●
●●●●●●●●●●●●●●
●●●●
●●●●●●●●●●●●●●●●●●

●●●●●●●●●●
●●●●●●●●●●●●●●●●
●●●
●●●●●●●
●●●●●●●●●
●●●●●●●●●
●
●●●●●●●●●●●●●●●
●●●●●●●
●●●●●●●●●●●●●●
●●●●●●●
●
●●
●●
●●
●●●●
●●●●●●●●●●●
●●
●●
●●●●●●●●●●●●●●
●●●●●●●●●●
●●●●●●
●●●●●
●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●
●
●
●●●●●●●●●●●●●●
●●●●●●
●●●●●●●●●●●●●●●
●●●
●
●●●●●●●●●●●
●●●
●●●●●●●●●●●●●
●●●●●●●●
●●
●●●●●●●
●●●●●●●●●
●●●●●●●●●●
●●●●●●●●●●
●●●
●●●●●●●
●●●●●●
●

●
●
●●●
●●
●●●●●●●●●●●●●●●●●
●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●

●●●●●
●●●●●●●
●
●
●●●●●●●●●●
●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●

●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●
●●●●●●●●●
●●●●●●●
●●●●●●●●●●●●
●●●●●
●●●●●●●●●●●●●●●
●●●●●●●●●●●
●●●●●●●
●●●●●
●●●●●●●●●
●
●●●●●●●●●
●●●●●●●●●●
●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●

●●●●●●
●●●

●

●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●
●●●●●●●●●●
●●●●●●
●●●●●●
●●●●●
●●●●●●●●
●●●●●●●●
●
●
●●
●●

●●●●●●●
●●
●●●●●
●●●●●
●●
●●
●
●●
●●●●●●●●●
●
●●●●●●●●●
●
●●●
●
●●●
●●
●●●
●●●●●●
●●●●●●
●
●●●●●●●●
●
●●
●●
●●
●●●●●●
●●
●
●
●●●●●●●●
●●●●
●●●
●
●●
●
●●●●
●

●●●●●
●●●
●
●
●●●●●
●●●●●●●●●
●●●●
●
●●
●●●
●●●●●●●●●●
●●●
●●●●
●●●●●●
●●●●●●●●●●
●
●●●
●

●●
●●●●●●●●●●●
●●●●●●
●●●●●●●●●●●
●
●●●
●●
●
●●●
●
●●
●●●●●●
●●●●
●●●●●●●
●●●●●●●●
●
●●
●

●●●
●●
●●●●
●●
●●●●●●●●●
●●
●

●
●●●
●
●●●●●
●●
●●●●●●●●
●●●●●
●●●●
●
●●●●●
●
●●●
●●●●
●●
●●
●●●●
●●●●
●●●●●●●●●
●
●●●●●●●●●●●
●
●●
●●
●●
●
●●
●
●●
●
●
●
●
●●●
●
●●●●●●●
●●●●
●
●●●●●
●●●●●●●●●●●
●
●●●
●●●●●●●
●●●
●
●●●●
●●●●●●●●●●●●●
●●●
●
●●
●●●●●●
●
●●●
●●●●●
●●●●●
●
●●●●●●
●
●
●●
●●●●●●
●●●●●●●
●
●●●●
●●●●
●●
●●●●●●●●●●●●
●
●●
●●●●●●
●●
●●●●●
●●
●●
●●●●●
●

●●
●●●
●●
●
●●
●
●●
●●
●●●
●●●
●●●
●●
●
●●●
●●●
●●
●
●

●
●●
●●●●
●●●●●●●●●●●●●
●●●
●●●
●●●●●●●●
●●●●●●
●●●
●
●●
●●●●
●
●
●
●●●
●●●●●●●●
●●
●●●●
●●●●●●●
●
●
●
●
●●●●●●●
●●
●●●●●●●●●●
●
●●
●
●●
●●●●
●●●●

●

●
●
●
●
●●●
●●

●●
●

●
●●●

●●

●
●

●●
●●●
●●●
●
●

●

●
●
●●
●●
●●
●●●●●
●●

●
●
●●●
●●
●●●
●●●●●●●●●
●
●●●●
●●●●●
●●●
●●●
●
●●●
●
●
●
●●
●
●
●●●●●●●●●
●●●●●●

●●
●

●
●●●

●●●●
●●
●●●
●●●
●
●

●

●
●●●
●
●●
●●
●●●●

●

●●

●
●●
●●
●●●
●●●
●
●
●
●
●●●●
●
●●●●●
●●
●●
●
●●
●
●
●
●●●
●
●●●●●●●●●●●●●
●●
●
●
●●●●●●●●●●●●
●●●●●●
●
●●
●
●●●●●●

●●
●
●
●●
●●
●●●
●
●●●
●

●●●●
●
●
●●
●
●●

●
●●●

●●
●●
●●●●
●
●●●●●●
●●●●●

●

●
●●
●

●

●
●●
●●●
●●●
●●
●●●●●
●●●
●●
●●●●
●

●●
●
●
●●
●●
●●
●●●●●
●●
●●●●●
●
●
●
●●●●●
●●
●●●●●●
●●
●●●●

●●●●

●
●●●●●●
●●
●●●
●
●●●●●
●●●

●

●

●
●

●
●●●
●
●
●
●

●●●●●●●
●●
●
●

●
●
●●●●●●
●●●
●
●●●●●●●
●
●●
●●●●
●●●
●
●
●●●
●
●●●●
●
●
●●●
●●●
●
●●
●
●●●●●●●
●
●
●●●
●●
●●●●●●●

●●
●●
●●●●
●
●●
●●
●●
●
●
●●
●●●
●●
●
●●
●
●
●●●●
●●●
●
●●
●●●●●●
●
●●
●
●●
●
●
●
●●
●●
●●
●●●●
●
●
●●●
●●
●
●●●●
●●●●
●●●●
●
●
●●●●●●●
●●
●●●●●●●●
●●
●●●●
●●●●
●
●●●●●●

●
●
●●●●
●
●
●
●●●
●●
●
●
●●●●●
●●
●●
●●●
●
●

●
●
●●
●

●
●●●●●
●●●
●

●●
●
●●
●
●●
●●
●
●
●
●●
●

●
●●●●●
●●
●●●
●
●●●
●
●
●
●
●
●
●
●●
●●●
●●●
●●●
●●
●
●●●●●
●
●
●
●

●
●●●●
●
●●
●●●

●●●
●
●
●
●●●●●

●●●●●●●●
●

●●

●●

●

●●
●●
●

●
●●●
●●
●
●●●
●●
●●●
●●
●●
●
●
●
●
●●
●●●●
●●●

●
●
●●●●●●
●●●●●
●
●●●●●●
●
●

●
●●
●
●●
●●●
●●●●
●●●●●●

●

●
●●
●
●●●●●
●●
●
●●●●●
●●
●
●●●
●●●●●●●●●●
●
●
●
●●●
●
●●
●
●●●●

●
●●
●●
●●●●●●●●
●●●
●●●●
●
●●

●
●●
●●●●●

●●●●
●

●●
●●●●●●
●●●●
●
●●●●
●●●
●●●
●●●
●●
●●●●●

●
●●●●●
●●●●●
●●●●
●
●
●
●●●●●●●
●
●●
●
●●●●
●●●●●●
●
●●●
●●●●●●●●
●
●●●●●●●●●●
●●●●
●●
●●●●●●
●●●●
●
●●●
●●●●●
●●●●●●
●●●
●
●●●●●●
●
●
●●
●●●
●●
●●●●●●
●
●
●
●●●●●
●●
●●
●●●●
●
●●●●●●
●●●●●●●●●●●●●●●●●●●

●
●●●●
●
●●●●
●●
●●●
●●
●●●●●●●●
●●●●●●●●●●●●
●
●●●●●●●
●●●

●
●●●●
●●●
●●
●●

●
●
●●●
●
●
●●
●
●

●●●

●●●●
●
●●●
●
●
●●
●●
●●
●●
●●●
●●●
●●
●●

●●●●

●
●
●●●●●
●●
●●●●
●●●●
●
●●
●
●
●●
●●●
●●
●
●●
●●●
●●

●●●●
●●
●
●

●
●●●●●
●●●●

●●●●
●
●
●

●●
●●●
●●

●●

●
●

●

●●
●●●
●●●
●●
●●●●●
●
●
●

●

●●●●
●
●

●
●
●●
●

●

●●

●

●●●●●●●●●
●●●●●●●●●
●●●●
●●●
●●●●●

●
●●●●●●
●●
●
●
●
●●●●
●●●●●
●●●●●
●●
●●
●
●●
●●
●
●
●
●●●
●
●●●
●●●
●●
●●●●●●●
●●
●
●●●
●

●
●●
●
●
●●
●●
●
●
●
●
●●
●

●

●
●●●●
●●●●●●●●
●
●●●●
●●
●●
●●●●
●

●●
●●●●●
●
●
●
●●●●
●
●
●●
●
●
●●●
●
●●●●●●
●

●
●●●●●●●●
●●
●
●●●●●●●●●●
●
●●
●
●●●●●
●●●●●
●●●●●

●
●●●●
●●●●●
●●●
●●●●●●●●●●●
●
●●
●
●●
●●●
●●●
●
●

●
●●●●●●●
●●●●●●●●
●●●●●●
●
●●
●●●●●
●●
●●●●●
●
●
●●●
●●
●●
●●
●●●
●
●●
●●
●
●●●●●●
●●●●●

●

●
●
●
●
●●
●●
●
●

●
●
●●

●
●●
●●●●●●
●
●
●
●●●●●
●
●●
●
●●
●●●
●
●
●●●
●

●●●
●●●
●
●●

●●●
●

●
●●●

●●
●●●
●●

●●●●●●
●
●●
●
●
●
●
●●

●●
●●
●●
●●●●●●
●●
●

●

●●●●●●●●
●
●●●●●
●
●
●●
●
●
●
●
●●●●●
●
●●●●
●
●
●●●

●
●●●
●
●●
●
●
●●●●
●●●●
●●
●●●●

●
●

●

●●
●●●●●
●
●●
●
●●●
●●
●●
●
●●
●●
●
●●●
●
●●●●●●●●
●
●
●●
●
●
●
●●●●●●
●
●

●
●●●●●●
●

●

●
●●
●●
●

●●●●

●●●
●
●●
●

●●●●
●
●

●
●

●

●●
●●
●
●

●●●
●

●●●●
●
●
●●●●
●

●
●●
●

●
●●●●
●
●
●●●●
●
●●
●●●●●●
●●

●
●●
●●●●●●
●
●
●
●
●
●●●
●●
●
●●
●●●
●
●

●●●
●●●
●●●●●●●
●
●
●●●●●●
●
●●●●●
●●●●●●●●
●
●

●
●●●
●

●
●
●

●●
●●●
●●●
●●
●
●●●●●●

●
●●
●●●●
●●
●●●
●●
●●
●●●●●
●
●●●●●●
●●●●●●●●●
●●
●

●

●
●
●
●●
●●
●●●●●
●●
●●●●●
●●●●●
●●
●●
●●●
●
●●●

●

●
●●●
●●●●●●●●

●
●●●●
●●

●

●●●●●●
●●●●
●●●●
●
●

●

●

●●
●

●
●

●
●

0
1
2
3
4
5

C
op

y 
nu

m
be

r

●

PD26401a

chr1 position (Mb)
0 50 100 150 200

●

●

●

●

●

●

●
●●
●

●

●

●
●●
●●●●●
●

●
●●●●●●●
●●●
●
●●●●●●
●

●

●●●●●●
●●
●
●
●

●

●

●
●●●●
●●●●●●
●

●

●
●
●
●
●●●●

●

●

●

●●
●●
●●●●●●●
●

●
●●●
●
●●●●●
●●
●
●●●●●
●
●●●●●●●
●●
●
●●●
●
●
●●●●
●
●

●
●
●
●
●●●
●●

●●●●
●
●●
●●●
●●
●●●●●
●●●
●
●
●●●●
●●

●
●●●
●●●●
●
●●
●
●●●

●

●

●
●●
●●●●

●
●
●
●
●●●●●
●
●●●●●●●
●●
●●●
●
●

●●
●●●●●●
●●●●●●●
●●
●●●●
●
●●
●●
●

●
●
●
●●●●●●
●
●●●●●
●

●

●

●●
●

●●
●●
●
●
●●
●●
●●
●●●
●●
●●●●●●●●
●
●●●●●●

●
●
●●
●●●
●
●●
●

●●
●
●●
●
●●
●●
●●●
●●●
●

●
●
●
●●
●

●●

●●●●●●●●
●●●●●
●●●●
●

●

●●●●●●●●●●
●
●●●●●●
●
●
●
●●●●●●●
●●●
●●●●

●
●
●

●●●●●●●●●●●●●
●●●●
●●●●●●
●
●
●●●●
●●●●●
●●

●

●●●
●
●●
●●●●
●●

●
●●●●

●
●
●●●
●
●●●●
●
●
●●
●
●●●●
●

●●
●●
●
●●
●●●●
●
●●
●●●
●
●●●
●

●

●
●●
●●
●
●
●
●●
●●
●●
●
●
●

●
●●
●●
●
●●
●●

●
●●●
●
●
●

●
●
●
●●●
●
●●

●
●
●
●
●
●●●
●●●
●
●
●●
●●●
●●
●
●
●
●●●
●●●●●
●
●
●●

●
●●●●
●
●●●●●
●

●

●

●
●●
●●

●
●●
●●●●●●
●
●●
●
●●●●

●
●
●●●
●
●●
●

●
●
●●
●●
●●●
●●
●
●
●●●●●●
●●
●●●●

●
●
●
●●
●
●●●●
●
●●●
●
●●
●●●●
●●●
●●●●●●
●●●●●●●●●
●●●

●●
●
●
●●●●●
●●●
●
●●
●●
●
●●●

●

●
●●
●
●
●●
●●●

●
●
●●●●●
●●●
●●●●
●●●●●●●
●●
●
●●●●●
●●
●●

●
●●●●●●●
●
●●
●●●
●●●●●
●
●●●●●
●
●
●
●●●
●●●
●
●●●●
●●
●
●
●●

●

●

●
●
●
●
●
●
●
●●●

●●

●●
●●
●
●
●
●
●●
●
●
●
●●●●

●●

●●●●
●●●
●
●

●

●●
●●
●●●●●
●●
●●●
●●●●●●●
●●●
●●
●●

●

●●●●●●●●
●
●
●●●●
●●

●
●
●●●
●●●●
●●●●●●●
●●
●●●●

●

●
●●
●●●
●
●
●●
●●
●
●●●
●
●●
●●

●●
●
●
●
●
●●●●●●●
●●●●
●●●●
●●●
●●●
●●●●●
●●●
●●●●
●●●
●

●●
●●●●●
●●
●
●
●

●
●●●
●
●
●●●
●●
●●●●●●●●●●
●
●
●
●●●●●
●
●
●●●
●

●
●
●
●
●

●
●●●●●●●
●●
●
●
●
●●●●●
●
●●●●●
●●

●●●●●
●
●●
●●●
●●●●●
●●●●●

●
●●
●●●
●
●●●●●
●●
●●

●
●
●
●
●●
●●

●
●●●●●
●●●
●●●●●●
●●●●●
●●●
●
●

●

●
●●●
●●
●●
●
●●

●
●●
●
●
●●●●●
●
●
●

●●●●●
●
●●
●●
●●
●●
●
●●●●●●●
●
●
●
●●
●
●●

●
●●●●●●●
●
●●●●
●●●
●
●●●

●
●
●
●●●●

●
●●●●
●●●●

●
●
●●●
●
●●
●
●●
●●●
●
●
●
●●●●
●●●●●
●●●
●
●
●

●●
●
●●●
●●●●
●●●
●●●
●●●
●
●●
●●●●●
●●●●
●●●●●●●
●●●●●●●
●●●●●
●
●
●●●
●
●●●●●
●●●●
●●●●●●●
●
●
●●
●●●●
●
●●●●
●●
●●●
●●
●
●

●
●●
●●●●●●●●●●●
●●●●
●●●●●●●●●
●●●●●●●
●
●
●●●●
●
●●
●●●
●

●
●●●●●
●
●●
●●●●

●●●
●
●
●
●
●●
●●
●●
●
●●●●●
●
●
●

●
●●
●
●
●●●●●
●●
●●●●●
●●
●
●●
●
●●●●

●
●●●●
●●●
●●
●●●●
●
●
●
●
●●●
●●
●●
●●
●
●●●●●●●●●
●
●
●●●●●●●
●

●
●●

●
●
●●
●
●●
●
●●
●
●
●
●●●
●●●
●
●
●

●●●
●
●●●
●●
●
●●
●
●●●●
●●●●●●●●●

●
●●●
●●●●
●
●
●●●●●●●
●
●●●
●

●●●●
●●
●●●●●●●

●

●●
●●●
●
●●
●

●●
●●●
●●●●
●●●●●●●●●●
●●●
●●
●

●
●
●
●●
●●●●●
●
●
●●●●
●●
●
●
●
●●●
●
●●●
●●●●
●

●
●●
●
●
●●●
●
●●

●●●
●
●●

●

●

●
●
●●
●●●●●
●
●●
●
●●●●
●
●
●●●●●●
●●●●●●
●
●●●

●
●●
●●
●
●●
●●●
●
●●●●●●●●●●
●●●●
●
●●

●
●●●●
●
●●●●
●●●
●●●●●
●●
●

●●●
●●●●
●●●
●●●●●
●●●●●●●●
●
●●●
●
●
●
●●
●●●●●●●
●●●
●●●●●●
●●
●●●●●●●●●
●
●

●

●●●●●●●●●
●
●●●
●●●●●
●

●
●
●●●●●
●●
●
●
●
●●
●●●●●
●●
●
●
●

●
●●
●●
●
●
●

●
●●●●●●●●●●
●
●
●
●●●●●●●

●
●●●●●
●
●
●
●
●●
●
●
●●●
●

●
●●●
●
●●●●
●●
●●●●●●●
●
●●●
●

●●
●
●
●●●●●●●
●●●●●●●●
●●●
●●
●●●
●●●●●●
●●●
●
●●●●●●●●●●
●
●●
●●●●●
●●●●●
●●
●●●●●●
●●
●●●●
●
●
●●●●
●●●●●●●
●●
●
●●●
●
●●●●●
●
●●
●●
●
●
●
●●●
●
●●●●●

●
●●●
●●
●●●
●
●●●
●●●●●●
●
●●●●●●●●
●●

●

●●●●●●

●
●●●●

●●
●
●

●●●

●
●●

●
●●
●●●●●●
●●●●●
●●●●
●●●
●●●●●●
●
●●●●●
●●●●●
●●
●●●●
●●●●●●●
●●●
●●
●●●
●●●
●●●●
●●●
●
●●●●
●●●
●●●●●
●
●
●●●●●
●●
●
●●
●●●
●●●●●
●●●
●●

●
●●
●
●
●
●
●●
●
●

●

●●●●
●●
●●●●●●●●●●●
●●●●●●
●●●●●
●
●
●●●●
●●●
●●●
●●●
●●●●●●●
●●
●●
●

●●●●●●●●●●
●●●
●●●
●●
●●●●
●
●●●
●●
●●●●●●●●●●●●
●●●
●●●●●●●●●●●●●●●●
●●●●●●●
●●
●
●●
●●●●
●●●●
●●
●
●●

●

●
●●●●
●
●
●
●●●●
●●
●●●●
●
●●●●●●
●
●●●
●
●●●
●
●●●●●
●●
●●●●●●●
●●
●
●●●
●

●

●●
●

●
●●
●
●●
●
●●●
●
●
●

●●
●
●

●●
●

●

●

●

●

●
●●●
●

●●

●
●
●

●

●

●●

●●

●
●●

●●

●

●

●

●●

●
●

●

●

●
●●●

●

●

●

●●●

●

●

●●

●

●●
●
●
●
●

●●●
●●
●
●●
●
●●

●

●
●

●

●

●

●

●

●

●
●

●

●

●
●●
●●
●●●
●●●
●
●●●●●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●●

●●

●
●●
●

●

●

●

●
●●

●
●
●●●●
●●
●
●
●

●●

●

●

●

●

●

●●●●●●●●

●
●●●
●●●●●
●●●

●

●
●
●●
●

●
●
●●●●
●
●
●●
●
●●●
●●
●
●
●
●
●●●
●●
●●●

●

●●
●
●

●●●
●●●●
●
●
●●●●
●●●●●
●●●●

●

●●
●●
●●●●●
●
●●
●

●

●●●
●
●●●●
●●●
●●●●●●●●
●●●
●●
●●
●●
●

●●●●●●●●●●●
●
●

●●

●●●●●
●●●●●●●●
●
●
●
●
●
●
●
●
●●
●

●

●

●
●●●
●
●
●●
●

●●

●
●●

●

●●
●

●

●
●
●
●
●
●●●●

●

●●●
●●

●

●

●●
●●●●●●
●
●
●●
●●●●●
●●
●
●
●

●
●●
●●
●
●

●
●●
●

●
●
●
●●●
●●●
●
●
●

●●
●
●
●●
●●●
●
●●
●
●●
●

●
●●●
●

●●●
●
●●
●
●●●●●●
●●●●
●
●●●
●●●●●●●
●●●●
●●
●●●●
●
●
●●
●

●

●
●
●●●
●
●
●●●
●

●
●●
●●●
●●●●
●
●●●
●
●
●

●

●
●
●
●
●
●●●
●●●●●
●
●
●

●
●
●
●●
●
●●
●
●

●
●
●

●
●●
●●●
●
●●
●●
●●●●
●●

●

●
●
●
●●●●●●
●●●
●●
●●●●●
●
●●●
●●
●●
●
●
●
●●●
●
●
●
●●●
●
●
●
●●
●●●●●
●●●
●●●●●●
●●●●
●
●●
●
●

●
●
●●
●
●
●
●
●●●
●●
●●●
●●
●
●●●
●●●

●●●
●●
●●●●
●●

●●
●●●●●●
●
●●●
●●●●●●
●●●●●
●
●●●
●
●●●
●
●
●
●●●
●●
●

●
●●●●●●
●●
●●●
●●
●●●
●●●●●
●
●●●●

●

●

●
●●●●
●●●
●●●●
●●
●
●
●

●●
●●
●●●

●
●

●
●●●
●

●
●●●●
●●
●●●●
●
●
●●●●
●

●
●
●
●●●

●
●●
●●

●
●
●●
●●●●
●
●
●

●
●●●●●
●

●
●●
●

●
●●
●●
●●●●●
●

●

●●●●●
●
●
●
●●
●●●●
●●●●
●●●
●

●

●

●
●●●●●●
●●●●●●
●●
●●
●

●
●●

●
●
●●●

●
●●
●
●

●

●●●
●

●

●●
●

●●
●●●
●
●●

●

●
●●
●●
●
●
●●●

●

●
●
●
●●
●
●●●●●
●●●
●●●●●●●●
●●●●●
●●●
●●
●●●●●
●
●

●
●●
●

●

●●

●●●●●●
●
●●

●

●●●
●
●
●

●
●●
●●
●
●●
●●
●
●●●●
●●●●
●●●●
●
●●●
●
●
●
●
●
●

●●●●●●●
●
●●
●
●●
●
●

●

●●●

●
●
●
●●●●
●●

●●

●
●
●●
●●●●●
●●●●●
●
●
●●
●●

●
●●●
●
●●●●●●
●●●●●●●●
●●●●●
●
●
●●
●●●●●●
●
●●●●●
●●●●●
●●●●
●●
●●
●●
●●
●●●●●●●
●
●
●
●●●

●
●

●●
●●
●
●●●●
●●●
●●●
●●
●
●●●●

●●
●●●
●●

●
●●
●●
●●●●
●
●●
●●●●
●●●
●
●●●●●●
●

●
●●
●●
●●
●●
●●●
●
●
●
●●●
●●●●

●
●●
●
●
●●
●
●●●
●
●●●
●●●●
●
●
●
●
●
●●
●

●●
●
●●
●●

●●

●

●
●●●
●●●●
●●
●
●●●●●
●●

●●●
●●
●

●

●
●
●●●●●

●
●
●
●●●
●●●●
●
●
●●●●

●●
●
●
●

●
●

●●
●
●●
●●

●
●●●
●●
●
●
●●

●
●●●
●●●
●●
●

●

●

●
●●●
●

●
●●●●
●●
●●
●
●
●
●
●●●
●●
●
●●
●
●●●●●●●●
●●
●

●
●●
●
●
●

●●

●
●●●●●●●
●●●●●●●
●●

●
●
●

●●●

●
●●●●
●●●
●●

●
●●●●●●●
●
●●
●●
●●●
●
●●
●
●●
●●●●

●●
●
●
●●
●●
●
●
●●●

●

●●●●●●●●●●●
●

●
●
●
●●●●●●
●
●

●
●●●
●●●●●
●
●●●●●●●
●

●

●●
●●
●
●●
●●●●
●
●●
●
●●

●
●
●

●●
●●
●●
●●●
●
●
●
●●●●●
●●●
●
●●

●
●
●●●
●●
●
●●
●
●
●
●
●

●●
●●●●●
●●

●●
●
●
●●●●●●●●
●●
●
●
●●●●●

●
●●
●●

●

●
●

●●
●●
●●●

●

●

●●
●●
●●
●
●●●
●
●

●
●●●●●
●

●

●
●
●
●●●
●
●
●
●

●●

●

●●●
●
●●
●●
●●●●●

●●

●
●●●
●
●

●
●●●
●

●

●
●●●●
●
●

●
●●

●●●●●
●
●
●
●●●●●●●
●●●
●
●●
●●●●
●●

●

●●●●●
●

●●●
●●●
●

●●
●●

●●
●
●
●●
●
●

●●
●
●●●
●●
●●●
●●●●
●●

●●

●

●

●
●●●

●

●●
●
●

●

●

●●
●●
●
●
●●
●
●
●
●
●●

●●
●●●●●●
●●
●●●●●
●●●
●
●
●
●●
●●
●
●●●●●●●
●●
●
●
●●
●●
●
●
●
●
●
●
●
●
●
●●
●●●●●●
●
●
●●●

●
●●●
●●●
●●
●

●
●
●
●
●●
●●●●●●
●●
●●●●●●
●
●●●
●
●●●●●
●
●●
●●

●

●●●
●
●

●

●
●
●
●
●●●

●
●●
●
●

●

●
●●
●
●
●

●

●
●●
●●●

●

●

●
●
●
●●●●●
●
●
●●●●●
●

●

●●●●●●●●
●●
●
●●●●
●
●
●●●●
●●
●●●●

●●●●
●●
●
●
●●
●●●
●

●●
●

●●●●●
●
●●
●
●●
●●

●

●●●●●●
●●●●
●
●
●●
●
●
●●
●
●●
●
●●
●●●●
●
●●
●●●●
●
●
●●
●

●
●
●●●●●●

●

●●●
●●●
●
●
●
●●●
●

●
●●
●●●
●
●

●
●
●●
●●●
●●●●●●●●●
●●
●
●
●●
●●●●●
●
●●●●
●

●

●●
●●●●
●
●

●
●●
●●
●
●●
●
●●
●
●

●●●●
●●●
●●
●

●●
●

●●

●
●●

●

●●
●
●●
●●●●●●
●●●●●●●●

●
●

●

●●
●

●
●
●●●

●

0
1
2
3
4
5
6

C
op

y 
nu

m
be

r

15
15

●

PD26435c

d

e f

PD
26

40
0a

PD
26

40
0c

PD
26

40
1a

PD
26

40
1c

PD
26

40
2a

PD
26

40
2c

PD
26

40
3a

PD
26

40
3c

PD
26

40
3d

PD
26

40
4a

PD
26

40
4c

PD
26

40
5a

PD
26

40
5c

PD
26

40
6a

PD
26

40
6c

PD
26

40
8a

PD
26

40
8c

PD
26

40
9a

PD
26

40
9c

PD
26

41
0d

PD
26

41
1a

PD
26

41
1c

PD
26

41
1d

PD
26

41
2a

PD
26

41
2c

PD
26

41
2d

PD
26

41
4a

PD
26

41
4b

PD
26

41
4e

PD
26

41
4f

PD
26

41
4g

PD
26

41
5c

PD
26

41
5g

PD
26

41
6d

PD
26

41
6e

PD
26

41
8a

PD
26

41
8c

PD
26

41
8d

PD
26

41
8e

PD
26

41
9a

PD
26

41
9c

PD
26

41
9d

PD
26

42
0a

PD
26

42
0c

PD
26

42
2d

PD
26

42
2e

PD
26

42
2f

PD
26

42
3e

PD
26

42
3g

PD
26

42
3h

PD
26

42
4a

PD
26

42
4c

PD
26

42
5e

PD
26

42
5f

PD
26

42
6e

PD
26

42
7a

PD
26

42
7c

PD
26

42
8a

PD
26

42
8c

PD
26

42
9a

PD
26

43
2c

PD
26

43
2e

PD
26

43
4c

PD
26

43
5c

PD
26

43
5e

0

2

4

6

8
Chromoplexy
Chromotripsis
Cyclo Temp
Other Complex



 7 

Supplementary Figure 5. Chromoplexy and  templated insertions in MM.  a-c) 53 

Three chromoplexy events observed in our series. Two events were acquired at 54 

relapse (PD26416e and PD26403d) and one was already present at SMM phase 55 

(PD26400a). d-h) Five out of 6 templated insertions are shown: in 4 out of the 5, MYC 56 

was specifically involved (PD26409a, PD26411a, PD26426e and PD26432c). 57 

 58 

  59 
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Supplementary Figure 6. SVs involving CCND1. a-g) Rearrangements/copy number 60 

plots for all CCND1 translocations: the “simple” reciprocal (a, c, g, h and i) and the 61 

complex ones (b, d, e, f). The chromothripsis on PD26425 11q (c) was in close 62 

proximity but independent from the CCND1/IGH translocation. j) Map of the positions 63 

of CCND1/IGH translocation breakpoints on chromosome 14: note that they fall both 64 

on the IGH variable and the constant regions 66. 65 

 66 

 67 

  68 
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Supplementary Figure 7. MYC SVs and CNVs. Zoomed-in view of the chromosome 69 

8q24 cytogenetic status extracted by battenberg in all samples that showed any SV 70 

involving MYC. Vertical black and blue lines correspond to translocations and 71 

inversions, respectively. All but two samples (PD26408 and PD26409) were 72 

characterized by the presence of focal deletions or gains. These changes may involve 73 

either the MYC locus or small regions upstream/downstream the oncogene. The 74 

H3K4me3 density is plotted at the bottom of each graph in red. 75 
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Supplementary Figure 8. SV convergent evolution. a) Example of convergent 79 

evolution driven by SVs. At relapse after XVI cycles of Elotuzumab-Lenalidomide-80 

Dexamethasone, the clone with the translocation between IGL and MYC was replaced 81 

by another one characterized by a changed copy number change profile and by a 82 

novel translocation on MYC, involving the IGH locus this time. This pattern suggests 83 

the existence of 2 different clones in the same patients harboring 2 different MYC 84 

aberrations. b) The translocations’ CCF as estimated by digital PCR (Methods).  85 
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Supplementary Figure 9. Whole genome duplication in MM. a-c) The cytogenetic 89 

profile of 3 out of 4 MM relapsed patients that experienced a WGD. Among these, 90 

PD26414 showed evidence of a WGD subclone in the first sample already, which 91 

nevertheless underwent further amplification; for PD26423, only a relapsed-refractory 92 

sample was available; PD26435 was the only ones with a clear evidence of WGD 93 

acquisition at MM relapse. d) Example of chromothripsis occurred after relapse on a 94 

chromosomal region already involved by a complex event. The relapsed sample 95 

(PD26435e) also underwent a WGD which explains the increased ploidy. 96 

 97 

  98 

PD26423e; Ploidy = 3.07

PD26414e; Ploidy = 4.38

PD26414a; Ploidy = 3.2

PD26414b; Ploidy = 4.4 PD26435c; Ploidy = 2.3

PD26435e; Ploidy = 3.6

a b

c

chr20 position (Mb)
0 10 20 30 40 50 60

●
●
●●●
●
●●
●●
●●●●●●●●●

●●
●●●●
●●●
●
●
●
●
●
●●
●●●
●
●●
●●●●
●
●
●●●
●
●●●●●

●
●
●●●●●

●●●●●●
●●
●●●●
●
●
●●●●●●●●●●●●●●●●

●●
●●●●●●●

●
●●●●
●●
●
●●
●●●●●●●●●●●●●●●●●●●●●●

●●
●●
●
●●●●●●●●●●●●●●●●●

●
●
●●●●●●●●●●●●

●●●●●●●●●●●
●●●●●●

●●●●●
●●●●●●●●●●

●●●●●
●●●●●●●

●
●●●●
●●●●
●
●●●●●●●●●●●●●●●●

●●●●●●●●●●●
●
●●●
●●
●●●●●

●●●
●
●●●●●●●●●●●●

●●●●●●●
●●●●●●●●●●●●●●●●

●●●●●●●●●●●
●●●●●●

●●●●●●●
●●●●●●●●●●●●

●●●●●
●
●
●●●●●●●

●●●●●
●●●
●●●●●●●

●●●●●●●
●●●●●●

●
●●●●●●●●●●●●

●
●●
●
●
●
●●●●
●●●●●

●●●
●●●●●●●●●●

●
●
●
●●●
●●
●
●●●●●●●

●●●●●
●●●●●●●●●●

●●●●●
●●●
●●
●●●●●●●●●●●●●●●

●●
●●●●●

●●●●●●●●●●●
●●●●●●

●
●●●
●●●
●
●●●
●●

●
●●
●
●●

●

●
●
●●
●
●

●
●●●●
●
●●●●●●

●●●●●●●
●●
●●●●●

●●●
●●
●●

●●
●●
●●

●●●●●
●●●●
●
●
●●●
●●
●●●●●●●●●●●●●●●●

●●●●●
●●
●
●●
●
●●●●●●●●●●

●

●
●●●●●●●●

●

●●●●●●●●●●●
●●●●●●●●●

●●●●●●●●
●●●●●●

●
●●●●●

●
●●●●●●●

●●●●●●●●●●●
●●●●●●●●●●●●●●

●●●●●●●●●●●●●●
●●●●●●●●●●

●

●●
●
●●
●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●
●●●●●●●

●
●
●●●●●●●●●●

●●●●●
●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●

●●●●●●●●●●●●●●
●
●
●●●●
●●●●●●●●●●●

●●●●●●
●●

●

●
●●●
●●●
●
●
●

●

●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●
●
●
●●

●

●●
●
●●
●
●
●
●
●
●
●
●
●●

●●●

●●●●

●
●
●
●
●●●●●

●●

●

●●
●
●

●

●●●
●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●●●●●●

●●●●●

●●●●●●●●●●●●

●

●

●
●●●●●●●●●●

●●●●●●
●●●
●●●●●●●●●

●●
●●
●●●
●●●●
●
●●●
●

●
●
●●●●●●

●
●

●
●●●●●●

●
●

●

●●●●●
●
●●

●

●
●●●
●●
●●●
●
●●
●
●●●●●●●●●●

●●●●●●●●●●●
●●

●●
●●●
●●●
●
●
●●

●
●●
●
●●●●
●
●●
●●
●
●●
●

●
●
●
●●
●●
●●
●●●●●●●●●

●
●
●

0
2
4
6
8

C
op

y 
nu

m
be

r

8

●

PD26435e

chr20 position (Mb)
0 10 20 30 40 50 60

●●●

●

●●
●

●●
●●●●●

●●●●

●
●●
●

●●
●
●
●●
●
●

●

●
●

●
●
●●●●●

●
●●
●
●●

●●●●
●●●
●
●●
●

●
●
●
●●
●●
●●

●

●

●
●
●●
●

●●
●●
●●

●●●●●
●
●
●
●
●●
●
●●
●●

●●

●●
●●
●●
●●
●●

●
●
●●
●

●
●
●●
●●
●
●
●
●
●●●
●
●●

●●
●●●●
●●●
●
●
●
●

●

●
●●●
●●●●●●●●●

●●●●

●
●●
●●●
●●●

●

●

●
●
●●
●
●
●●
●
●
●
●●●

●●●●
●
●●●
●

●●●
●●●●●●

●●●
●●

●●●

●
●●
●
●

●
●●
●●
●●●●●

●
●●
●●●●
●●
●
●●
●

●

●
●
●

●●
●
●●
●

●
●●
●
●

●
●
●●
●

●●
●

●
●
●●
●

●●●●

●●●
●
●●●

●

●
●

●●
●●
●●
●●●
●
●

●

●
●●●
●●
●

●●

●●
●●

●●
●
●●●●
●●●●●●●

●
●
●
●
●
●●

●●
●●●
●
●
●
●
●●
●

●●●
●●
●

●●●
●●●
●●
●
●
●
●

●●●
●
●
●●
●●●●●

●
●●
●

●

●
●●

●●
●

●
●●●●●

●
●
●
●●●

●●●
●●

●
●●

●
●●●●●●

●●●
●●●
●
●●
●
●

●●●

●

●

●●●●

●●●
●●●
●●●●

●

●
●

●
●●

●
●●●●

●
●●
●●●

●
●●

●●●●●

●●

●
●●●●
●●●●
●
●
●
●
●
●
●●
●
●●
●●
●

●
●

●
●
●●●
●

●
●
●
●●
●
●●●

●
●●●
●
●●
●
●
●

●●
●●
●●

●●

●

●●

●●

●●
●

●●

●
●
●
●
●
●
●
●●
●●
●

●
●●●

●

●
●
●
●
●
●

●
●●
●
●
●●●
●
●●

●●●●●●
●

●
●●
●

●●

●

●
●

●●
●●●●●

●●
●●●●●●●

●●
●
●
●●
●●●

●
●●
●●●●
●

●●
●
●

●
●
●
●●
●

●
●
●
●
●

●
●●

●
●

●
●
●●
●●
●●

●●
●
●●●
●

●

●●
●●
●●
●

●●●
●●●●●

●
●
●
●

●

●
●●●
●

●●●
●
●●●●●●●●

●
●●
●
●
●●
●●
●
●●●

●
●●
●
●
●
●
●
●
●
●
●
●●
●●●
●
●
●●
●●
●
●

●●●●●●●
●
●●
●

●
●●●
●

●●●
●●●●●

●
●●●
●●

●
●●●
●
●

●
●
●

●

●●●

●
●

●●
●
●
●●
●
●●
●●●
●
●●
●●●
●
●
●●
●
●●
●●
●

●
●●●●●●●

●●●●
●
●
●●
●
●
●●●●
●●●●●

●●
●●
●●●●
●
●●
●●●●●●

●

●

●●
●●●●●

●
●●●●●

●
●●●●

●
●●
●
●●●
●●
●
●●●
●
●●

●●●
●●●
●
●
●
●●●

●

●

●●●
●
●
●

●
●
●
●

●
●
●
●

●

●

●

●

●
●
●●
●
●●

●●
●●

●●
●
●●●
●
●
●●
●
●
●

●

●●●
●●
●
●●●
●

●●●
●
●●●
●
●
●
●

●
●

●

●
●

●
●
●

●
●●●●●●

●

●●●
●●

●●●●
●

●

●

●
●●●●
●●●●●

●

●●●

●

●
●●●
●●
●
●
●●
●●
●●

●
●
●●●●●

●
●●
●●
●●●●●●

●
●

●

●●●

●

●●●
●
●●
●
●
●●●
●●●●
●
●●
●●●
●

●●
●
●

●

●●

●
●
●

●
●●
●
●
●

●

●●●●●
●●
●●●

●

●●●
●

●

●●

●
●●●●
●

●
●
●●
●

●
●
●
●●

●●●

●
●●
●
●
●

●●●●●
●●●●●●

●
●
●
●●
●●●●●

●

●●

●

●
●●
●

●●●
●●
●●
●
●

●

●
●

●

●●
●●
●●

●

●

●

●
●●●

●

●
●●

●●●

●
●
●●

●●
●
●

●

●
●

●
●●

0
1
2
3
4

C
op

y 
nu

m
be

r

8

●

PD26435c PD26435ePD26435c
d



 12 

Supplementary Figure 10. Molecular time (MT) plots for all patients with more than 99 

one gain in the cohort. The MT of each chromosome gain (allele-specific copy number 100 

of 2:1) is plotted with a blue dot. The red and green dots represent the second (3:1) 101 

and the third extra gain (4:1) respectively. Different time windows between 102 

independent multi-gain events are separated by a dashed green line. Interval of 103 

confidences were generated using a bootstrapping function for each molecular time 104 

value. 105 
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Supplementary Figure 11. Validation of the molecular time analysis in serial 107 

samples. Two examples where at least one clonal chromosomal gain was acquired or 108 

lost between samples (purple boxes). Unstable CNAs, while seemingly clonal in one 109 

sample, were clearly acquired or lost late in disease evolution, and consistently were 110 

assigned a late time window by molecular time analysis (right). Interval of confidences 111 

were generated using a bootstrapping function for each molecular time value. 112 
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Supplementary Figure 12. Chronological reconstruction of driver events in MM.  Two-115 

dimensional density plots showing the Dirichlet process clustering of mutations by 116 

cancer cell fraction at each time point in 9 emblematic patients. On the x- and y axes 117 

are plotted mutations from 2 different samples collected at different time points from 118 

the same patients. Increasing intensity of red indicates the location of a high posterior 119 

probability of a cluster. The main SVs, CNAs and mutations were assigned to different 120 

cluster according to their cancer cell fraction and clonality over the time. Using this 121 

approach, the phylogenetic tree of each case was reconstructed and annotated with 122 

the main drivers as shown on the right of each plot.  123 
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Supplementary Figure 13. Five examples of correlations between more than 2 MM 125 

driver events. a) a mutually exclusive pattern between t(11;14), t(14;16), del TRAF3 126 

and hyperdiploid; b) the selected gates pick up on the logically equivalent formulation 127 

that samples with delTRAF3 co-occur either with non t(11;14) or with NFKBIA 128 

mutation; c) four way mutual exclusivity and co- occurrence between delCYLD, t(4;14), 129 

t(11;14) and hyperdiploid; d) the co-occurrence of CDKN2C and FAM46c deletions is 130 

mutually exclusive with t(4;14); e) TRAF3 deletion is associated with t(4;14) and 131 

del13q14. 132 
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Supplementary Figure 14. hdp diagnostic plots showing the clustering stability and 136 

absence of strong trends over the posterior samples collected in 4 independent 137 

sampling chains. The dashed vertical red line represents the choice of burn-in time 138 

and number of iterations between collected samples 139 
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Supplementary Figure 15. Workflow to generate the final exome-based clustering. 141 

 142 

  143 
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 90 

Hierarchical Dirichlet process 91 

The previously described hierarchical Dirichlet process was used to investigate 92 

the main MM genomic subgroups (https://github.com/nicolaroberts/hdp)61. Only dN/dS 93 

extracted driver mutations and recurrent copy number abnormalities (CNAs) and SVs 94 

investigated in both series were included, for a total of 69 variables available for 724 95 

(87%) cases. 96 

The final exome-based clusters were extracted combining the hierarchical 97 

Dirichlet process and Bayesian network data (see cartoon below). 98 

The full analysis process written in R is provided in Supplementary Data 1. 99 

 100 
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Classification of somatic mutations into subclones and construction of 102 

subclone phylogeny. 103 

Somatic mutations were clustered using a Bayesian clustering method, as 104 
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Supplementary Figure 16. Two examples of the phylogenetic three generation from 144 

the Dirichlet clustering data (2D-plot). In the first example (right) 2 possibile 145 

phylogenetic tree solutions were generated. Conversely, in the second case (left) only 146 

one solution was extracted. 147 
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  150 
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Notice that in general, the list p( i, t ) of possible parent nodes of subclone i in 167 

tree t does depend on the current tree t. This is because subclone i may already have 168 

been assigned daughter nodes in tree t. These daughter nodes, and any other 169 

descendant nodes of subclone i, must be excluded from the list of possible parent 170 

nodes of subclone i. 171 

The resulting list T of trees may be empty, indicating that we cannot construct 172 

a tree which is compatible with the pigeonhole principle, given the subclone frequency 173 

parameters for every tissue sample. In practice, the list T often contains only a single 174 

tree. 175 

 The figure below shows two examples of the phylogenetic three generation 176 

from the Dirichlet clustering data (2D-plot)62,63. 177 

 178 
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Molecular Time and Copy Number Timing.  180 
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Supplementary Figure 17. Impact of large chromosomal duplications on SNVs VAF. 151 

a) Cartoon showing the rational of the molecular time approach. b-c) mclust was run 152 

on 2 chromosome gains dividing the SNV catalogue in 2 main groups: one where 153 

mutations were detected on 2 alleles (c-VAF ~66%) and one where mutations were 154 

observed only of one allele out of three (c-VAF ~33%). d) mclust was run on a copy 155 

neutral loss of heterozygosity (CN-LOH), and this explains why duplicated and non-156 

duplicated mutations had 100% and 50% c-VAF respectively. e) mclust was also run 157 

in presence of 2 extra copies of the same chromosome, dividing mutations three 158 

groups: i) c-VAF ~75% (pre-gains); ii) c-VAF 50% (between the 2 gains); iii) c-VAF 159 

~25% on one single allele out of four. The existence of 3 clusters, rather than of 2, 160 

suggests that the first and second chromosome 11 gains were acquired in 2 161 

independent multi gain events. 162 

 163 
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Supplementary Figure 18. Example showing the “mol_time” function clustering part 166 

output (mclust based) for sample PD26410d. 167 

 168 

 169 

 170 

  171 
 13 

 Below we showed an example of the “mol_time” function clustering part output 207 

(mclust based) for sample PD26410d. For each clonally duplicated chromosome all 208 

the clonal SNV are annotated according to their position (x-axis) and their corrected 209 

c-VAF% (y-axis). All extracted clusters were highlighted with different colors. Grey dots 210 

represent the SNVs for which the cluster assignation was not possible due to 211 

insufficient certainty. On chromosome 11 we have 3 different clusters: SNVs on one 212 

allele (brown), SNVs on two alleles (dark green) and SNVs on three (blue). The 213 

existence of 3 clusters, rather than of 2, suggests that the first and second 214 

chromosome 11 gains were acquired in 2 independent MGs. 215 
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Supplementary Figure 19. Molecular time rationale. a) The burden of mutations 172 

duplicated (CN2) and therefore acquired before the chromosomal gain is proportional 173 

to the time in which the gain was acquired. b) High and low CN2 mutational burden 174 

reflect early and late chromosomal gain occurrence, respectively.  175 

 176 

  177 

Duplicated allele

Not duplicated allele

Relative Time0 1

t

CN2

CN1

CN1

CN1

r = mutation rate

t = Copy number gain relative time

CN2 = total number of clonal SNVs on 2 alleles

CN1 = total number of clonal SNVs on 1 allele 

a
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0 1

CN2

CN1

CN1

CN1
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0 1

CN2

CN1

CN1

CN1
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Supplementary Figure 20. Timing SVs’ occurrence. a-b) Timing SVs’ occurrence 178 

combining SV and copy number status. If occurring after a gain, any deletion on the 179 

not-duplicated allele will generate a LOH (2:0); and an involvement of one duplicated 180 

allele will generate a normal diploid segment (1:1). Conversely an involvement of the 181 

duplicated allele before the gain will generate a deletion (1:0). b) Example of a complex 182 

event supported by a t(3;22) translocation and multiple t(3;13) translocations causing 183 

a deletion after the chromosome duplication on a one of the duplicated alleles. In fact, 184 

SVs rearrangement-VAF is not duplicated and the CN status after this event is 2 185 

(diploid). c-d) The c-VAF of SNP/SNV phased within the reads supporting the 186 

rearrangement reflects the relative time in which the SV was acquired.   187 

 188 

 189 

  190 

 17 

involvement of the duplicated allele before the gain will generate a deletion (1:0) (See 268 

cartoon and example below): 269 

 270 

 271 

In the example below a complex event supported by t(3;22) and multiple t(3;13) 272 

caused a deletion after the chromosome duplication on a one of the duplicated allele. 273 

In fact, SVs r-VAF is not duplicated and the CN status after this event is a diploidy. 274 

 275 

 276 

The second approach is based on the presence of one or more clonal SNVs or SNPs 277 
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 290 

Merging these data together with the “molecular time”, the CNA segment cancer cell 291 

fraction and the structure of SV associated with CNAs we were able to reconstruct the 292 

chronological order of many MM events.  293 

 294 

Digital PCR. 295 

Primers were ordered from Sigma.  296 

ID Assay Name MY_IDENTIFIER Sense Primer Anti-sense Primer 

8 PD26412a_8_128973983 PD26412a_8a GAAGGTGTGGTTTAAAGAG CAGAGATCAGGGATTTGA 

9 PD26412a_8_129796697 PD26412a_8b ATGCCATATTAAAATATGTATTC GCTAGTGTTAACTTTGAG 

10 PD26412c_8_128274143 PD26412c_8a GTCCATAGGTTGTCTCTA CCTTCATGACTTGATCAC 

 297 

Droplet digital PCR assays were designed spanning the breakpoint of interest such 298 

that only mutant molecules would be amplified. PCR reactions were prepared in 299 

triplicate with 10μL of 2× evagreen ddPCR supermix (Bio-Rad), 1μl of assay 300 

mastermix (consisting of 16.2μl H2O, 14.4μl of 25μM forward primer, 14.4μl of 25μM 301 

reverse primer) and 0.5μl of WGA (whole genome amplified) DNA in a total volume of 302 

20μL. PCR reactions were partitioned using a QX200 droplet generator according to 303 

A

A

A

A

A

A

A

A
A

A

A

A
A

A
• Translocation	Reads	

not	duplicated
• SNV/SNP	duplicated
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translocation	reads

• Translocation	Reads	not	
duplicated

• SNV/SNP	not	duplicated
• SNV/SNP	on	all	

translocation	reads

Translocation	on	
Minor	Allele	

Translocation	on	One	
Duplicated	Allele	

A

A

A

A
A

A

A

A
A

A

 18 

phased with rearrangement reads. This specific event may generate three different 278 

situations: 279 

1) SNV/SNP c-VAF is ~66% and involves also all rearrangements reads (r-VAF 280 

~66%). In this scenario, we can assume that the rearrangement and the 281 

substitution involved the duplicated allele before the gain. 282 

 283 

2) SNV/SNP c-VAF is ~66% and involves also all rearrangements reads (r-VAF 284 

~33%). In this scenario, the rearrangement occurred on one of the two 285 

duplicated alleles after the gain.  286 

3) SNV/SNP c-VAF is ~33% and involved all rearrangements reads (r-VAF 287 

~33%). In this case the rearrangement and the substitution occurred on the 288 

minor not duplicated allele. 289 
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2:02:01:0
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Supplementary Table 1. Digital PCR primers ordered from Sigma 191 

ID Sample ID Sense Primer Anti-sense Primer 
1 PD26412a_8a GAAGGTGTGGTTTAAAGAG CAGAGATCAGGGATTTGA 
2 PD26412a_8b ATGCCATATTAAAATATGTATTC GCTAGTGTTAACTTTGAG 
3 PD26412c_8a GTCCATAGGTTGTCTCTA CCTTCATGACTTGATCAC 

 192 


